1 


/yy- 7/ - . ve 


APPLICATION OF LINEAR RESPONSE THEORY TO EXPERIMENTAL 
SIMULTANEOUS RADIATION AND ANNEALING RESPONSE 
OF A CMOS DEVICE 


Dr, V . Lit o v c h e ri k o 
The Catholic University of America 
Washington, DC £0064 

(HASA-CR-183401) APPilCATIC* CF L1UEAB 
EESPCI.SE T8E0BY 1C EXPEBIBEBlAl BA1A OF 
SIMULTANEOUS BAEIITIC K AND IKAFAIING 
EESPCESE CF A CMOS DEVICE Cuarteily Report 
Be. 3,8 Jun* - 8 Sep* 1988 (Catholic Univ. G3/76 

This report deals with an application of linear response 
experimental data of simultaneous radiation and annealing response-? 
of a CMOS device. In particular. we apply the method we have 
developed earlier to determine the characteristic time. t 0 , as 
well as the parameters ft and C in the ln(t) dependence of the 
linear response function R(t): 

R ( t ) = -C + AlnCL-t/to ) ■ Cl.) 

Our method is based on a study of the linear response for t < <t 0 . 
when R(t> can be expanded in a power series of t: 

R(t) * R ( 0 ) + R ’ ( 0 ) t + 1 /2R" (0) t 8 + l/3R’"<0)t J + ... <S> 
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where R* (0) and R" (0) are. respectively, the first and second 
derivatives of R with respect to t. ftt the point t~0, R(0) is 
R < t =0 ) . 


To find the linear response. one needs to substitute R(t--t’) in 
the form of Eq. (S) into our general equation for the? shift of the 
threshold potential: 


t 

6 V ( t ) = olpct-t’ )dt» , 
0 


(3) 


where D is the dose rate (here considered to be constant). 
Substituting Eq. (2) into Eq. (3), we obtain 


6 V ( t ) « DR(0) 
0 
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t t 

0 ) Jdt ’ + DR’ ( 0 ) i (t-f 


) dt ’ + 
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+ :l./2DR n (0) J (t“t ? )« dt’ + 1 /2;DR 1 n (0) J (t-t 9 5 3 dt ’ 
0 0 


(A) 


Int carat i m3, we obtain 
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6 V < t ) = Dtot CR(O) + l/SRMO)t - 1/6R" (0)t*> - 1 /£4R ? " (O) t 3 , (5) 
where D to t - D ( t ) = Dt« 

In particular, for the? ln(t) dependence, 

R < t ) * -C + A(t/t 0 ) -l/£A(t/t 0 >* , (6) 

or, comparing Eq. (6) and Eq. (3), 

R ( 0 ) = -C, R’ (0) - ft/to, R" (0) - — A/ 1 o 2 and R» " (0) = EA/t. 1 . (7) 

We obtain the following expression for the shift of threshold 
potential by substituting Eq. (7) into Eq. (5): 

6V(t) = Dtot [”C + 1 /£:A (t /t 0 ) - 1 / 6A < t /t o ) a - 1/1EA (t/t* ) 3 1, <8) 

where t < < 1 0 - 

It is more convenient to deal with the shift per unit dose: 

6V(t)/Dtot = a Q + at t + a e t®, (9) 

where the constants are 


a* “ at “* fl / u.t o , cit ’“ft / tut o ^ ■ 


( 1 0 ) 


For the general case, we have 

a* = R(0), a t = 1 / £ R ’ ( 0 ) , a* = -l/6R n (0). (10a) 


To test our method, we planned and participated in irradiation 
experiments conducted on RCA 10* rad-hard CMOS ICs at the Goddard 
Space Flight Center Radiation Facility. We chose a dose rate 
equal to approx i mat e 1 v 130 rads/rnin. An IC was irradiated with 
* 0 Co gamma rays for several hours. taking measurements of the 
threshold potential (evaluated at a drain current of 300 uR> for 
one rr-channel and one p— channel transistor every ten minutes. 


One can expect a linear dependence of 6V(t)/D to t for small times 
when 


a*t*/a f t = t/£t 0 << 1, 


( 11 ) 


or 


t << t 0 /3. 

The first three points showed the linear dependence of 6V(t)/d to t 
(30 min. ) in both cases. but the fourth point deviated from that 
dependence. From this, we could conclude at once that t D >> 3t - 
30 min. In other words, that t c was between one and two hours. 
We used the linear part of the curves (the first £-3 points) to 
find a 0 and a, , and we then used the next part of the curve to 


find a® 
As 


The constants a t and a® allowed us to calculate t 0 and 


t 0 — i/vi a t /a* 

A “ d/ji flj / fig « ilc) 

For the p-channel transistor, we found to to be approximately 110 
min. and for the n— channel, t 0 ~ 70 rnin. 


For the p-channel, the theoretical curve, 

6V(t)/D tot - a 0 + a t t + a®t®. 


deviates from the ex per i merit a 1 points only after 70 min., which is 
0.64t o , and for the n— channel, the deviation takes place after 45 
min., which is also 0. 64t 0 - 


For the n-channel, we then plotted a more precise theoretical 
curve, adding one more term, a 3 t 3 s 


6V( t) /Dtot = a 0 + a* t + a®t c + a 3 t 3 . 

The value of a 3 was found from Eq. (10) and (10a) s 

a 3 - 3/S a® * /a* ~ 0.00196 - 0.002. (13) 

We plotted this improved curve to t = one hour, which gives t/t G = 
0.86. There is no point in continuing the curve further, since 
the condition t/t 0 1 1 must hold and the expansion (Eq. (6)) is 
definitely not valid beyond this point. In any event, our purpose 
was to analyze the region t/t c 11. 

It is worth noting that our lack of data on the dependence of R(t) 
on dose rate and temperature at this point prevents development of 
t h e rn i c r osco pic (quant urn ) t heorv of annealing. 

If we find that, in some cases, R(t) does not possess a ln(t) 
dependence (Eq. (I)), our method still allows us to find the value 
of R(t) and its derivatives at t ~ 0 through Eq. (5). Again, by 
conducting experiments for different dose rates (or temperatures), 
one can obtain the dependence of R(0), R* (0) and R’ " (0) on these 
variables. Since R ? (0) is proportional to l/t 0 and R" (0) is 

proportional to l/t tt 8 . we can determine the dependence of t 0 on 
temperature or dose rate. 

The case of pure annealing can be treated in the same way. 
Instead of Eq. (3), we will use our general equations 


6 V ( t ) 


DJ R(t~t 
0 


) dt ’ . 


(14) 


Substituting Eq. (2) in Eq. (14), we obtain 
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<SV = D t o t CR (0) + RMO) <t -- l/£t r ) + 

+ 1/2R" (O) ( t * - tt r - 1 /3tr 8 ) + 

+ 1 / 3 R ’ ” (0) <t 3 - 3t e t r + tt, 8 - (15) 


or 

6 V ( t ) /D t 0 t = R ( 0 ) - 1/2R* <0)t r - 1 / 6 R " ( O ) t r 8 - 1 / 1 £R» " < 0 ) t „ 3 + 
IIRMO) - 1/2R" (0) t r + R* " ( 0) t 8 3 1 + 

(1/2RR" (0) - 1/2R’ " (0) tr > t 8 + 

1/3R’ " <0)t J . (16) 

Since we are concerned with the case ty/t a (< 1, Eq. (16) can be 

simplified: 

6V (t ) /D* o t = R ( 0 ) + R ’ ( 0 ) t + 1 /£R" ( 0 ) t 8 + l/3R’"(0)t 3 . (17) 

In particular, for the ln(t) dependence, we substitute Eq. (7) into 
Eq . (17) and obtain 

& V ( t ) /D t o t = -C + fl(t/t 0 > ~l/£fi <t/t 0 ) 8 + 2/ 3ft ( t /t 0 ) 3 (IQ) 

Then, as in the case of simultaneous irradiation and annealing, we 
can, in principle, determine a 0 , a t and a a from experimental data. 
We can then calculate t 0 and ft: 

t 0 = -1/2 a, /a a 

ft ~ 1/2 a t 8 /a a 


C 


c&, 


( 19 ) 
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